Williams syndrome (WS) is a rare genetic disorder which, among other characteristics, has a distinctive cognitive profile. Non-verbal abilities are generally poor in relation to verbal abilities, but also show varying levels of ability in relation to each other. Performance on block construction tasks represents arguably the weakest non-verbal ability in WS. In this study we examined two requirements of block construction tasks in 21 individuals with WS and 21 typically developing (TD) control individuals. The Squares task, a novel two-dimensional block construction task, manipulated patterns by segmentation and perceptual cohesiveness to investigate the first factor, processing preference (local or global), and by obliqueness to examine the second factor, the ability to use mental imagery. These two factors were investigated directly by the Children"s Embedded Figures Test (CEFT ; Witkin, Oltman, Raskin & Karp, 1971) and a mental rotation task respectively. Results showed that individuals with WS did not differ from the TD group in their processing style. However, the ability to use mental imagery was significantly poorer in the WS group than the TD group. This suggests that weak performance on the block construction tasks in WS may relate to an inability to use mental imagery.
Block Design performance contrasts to relatively strong RCPM performance (Farran & Jarrold, 1999) , thus the Block Design task must require additional cognitive skills, not required by the RCPM, which themselves weaken the level of ability achieved on this task by the WS population. This is consistent with previous studies, which have also found significantly poorer performance on the Block Design task than on the RCPM (e.g. Bellugi et al., 1988; 1994; Grant et al., 1997) . Two such factors that the RCPM does not share with block construction tasks are the strong local-global component, and the rotational requirements being manipulated in the Squares task in this study. Through matching by the RCPM, one can be sure that the control group have the appropriate level of non-verbal ability, and that the danger of masking any interesting results due to similarities between the RCPM and the three experimental tasks is eliminated.
The requirements shared by the experimental tasks lead one to predict that performance of individuals with WS on the CEFT will relate to the effects of segmentation and perceptual cohesiveness on this group as measured by the Squares Task. High scores on the CEFT in comparison to controls, less facilitation by segmentation, and less effect of perceptual Block Design Performance 9 cohesiveness would indicate a local processing bias in WS. Performance below the level of controls on the CEFT could indicate that individuals with WS have problems disengaging from the global configuration and should be linked to a larger effect of segmentation and perceptual cohesiveness than controls. If both groups have the same level of ability on the CEFT, then they should also be affected to the same extent by the local-global manipulations on the Squares Task; this would suggest that local-global perception is not deviant in WS.
Performance relating to the third variable manipulated in the Squares Task, obliqueness, should relate to mental rotation ability. The nonoblique squares should be easier to discriminate between, which would make them more imageable, thus manipulation by mental imagery would be the most effective way to complete the task in these conditions. Oblique orientations are harder to discriminate between, thus task completion in the oblique conditions may rely on manual object manipulation, a more concrete strategy. If individuals with WS have an ability to employ mental imagery as a means of manipulating images (as investigated by the mental rotation task), then this should have a positive effect on RT on nonoblique trials, but less so for oblique trials. If individuals cannot perform mental object manipulation, a concrete strategy will be used for both types of squares, and less difference in processing speed will be seen between them. In summary, the roles played by two factors in the block construction performance of individuals with WS are explored in this experiment; perceptual processing preference; and ability to manipulate images using mental imagery in both WS and typically developing groups.
Method Participants
Two participant groups were assessed, 21 individuals with diagnosed WS and 21 typically developing children. The WS individuals were recruited from the records of the UK"s Williams Block Design Performance 10 Syndrome Foundation of individuals in the Bristol and Southampton areas and their surrounding counties by means of a letter to parents and guardians inviting them to take part in the study. Six of the participants had received a diagnostic "fluorescence in situ hybridisation" test (FISH) and a deletion of the elastin gene on chromosome 7 was confirmed in all six of these cases. This gene is deleted in approximately 95% of individuals with WS (Lenhoff, Wang, Greenberg, & Bellugi, 1997) . None of the WS participants had received negative FISH results. The remaining 16 participants were diagnosed by medical practitioners before the FISH test was available as a diagnostic tool in WS. Their diagnosis was based on the distinctive medical, behavioural, cognitive and facial characteristics unique to WS. The experimenter considered all of these individuals to have the recognisable WS "elfin face", many had heart problems and had experienced hypercalcaemia in infancy, which is common in WS. The characteristic social personality was present in all members of the group. Previously published data from 14 of the sample confirmed the cognitive phenotype of WS (Jarrold, Baddeley & Hewes, 1998) and the remaining seven participants also displayed a discrepancy between verbal ability (measured by the British Picture Vocabulary Scale (BPVS; Dunn, Dunn, Whetton, & Pintilie,1982 ) and nonverbal ability (Measured by the RCPM). Thus, despite not having undergone a FISH test, medical opinion, the WSF, and the experimenter deemed that these individuals fitted the WS phenotype.
The typically developing (TD) individuals were recruited from a local mainstream school. The groups were matched individually by score on the RCPM, the details of which can be seen in Table 1 . CEFT (Witkin et al., 1971 ) is composed of two levels, in which a triangle/ tent (level 1) or a house (level 2) is embedded in a picture. For this Experiment, only level 1 was employed, which contains eleven trials. The standard training and testing procedure was followed. Testing began with item 1 for all individuals, and stopped upon completion of all of the tent trials. Identification time was recorded and a 30 second time limit was imposed, after which a score of 0 was given. Correctly completed trials received a score of 1.
The Squares Task. This is a novel task modelled on block construction tests. Participants were shown a stimulus pattern and were instructed to make the pattern themselves by placing squares on a board. The board was designed to force the participant to maintain the correct global, two by two formation. Patterns were composed of 4 squares. Figure 1 shows the complete set of designs in condition 1. These were 10 segmented trials, five of each employing obliquely or nonobliquely Figures 1 and 2 about here The participant was given the appropriate set of 4 squares, as dictated by obliqueness (see figure 2), and one of two boards. The board used in the segmented condition was divided into 4 segments allowing the individual squares to be placed in the correct segmented format. In the Block Design Performance 12 nonsegmented condition, the board served to frame the four squares as a complete pattern in which the squares were touching each other. Demonstration trials preceded each set of 5 trials and conditions 1 and 2 were counterbalanced. Oblique trials always preceded nonoblique trials and perceptual cohesiveness always followed the same pattern, in the order of trials a, e, b, d, c.
The time taken to complete each trial was recorded. If the pattern was not completed in 60 seconds, the response was recorded as a fail.
Rotation tasks. A mental rotation task and a manual rotation task were employed. In both tasks, two templates were displayed depicting mirror-imaged stick figures, "Sally" and "Jane".
"Sally" held a red square in the left hand and a blue circle in the right hand, whilst "Jane" held the objects in the opposite hands. This difference was explained to the participants and practise trials were given by asking the individual to identify an upright figure as either "Sally" or "Jane".
Testing began when the participant had made three consecutive correct identifications. The mental rotation task used a stimulus booklet consisting of 36 images. The figures were displayed at one of 6 rotations about the central axis. These were: 0 degrees (upright), 60, 120, 180, 240 and 300 degrees. The 36 trials consisted of six of each of the rotated positions, three for each figure. Participants were asked to identify the presented figure as either "Sally" or "Jane". In the manual condition, the composition of trials was the same. The stimulus booklet was substituted by two boards with a rotating disc attached to each. "Jane" or "Sally" was depicted on the disc, which was freely rotatable about the central axis. This enabled the individual to manually rotate the figure to the upright in order to make an identification. RT and correct responses were recorded. Participants were not given feedback for individual trials.
between group and type of rotation being significant only for 120 degrees: F(1,40)=18.04, p<.001, 180 degrees: F(1,40)=9.96, p=.003, and 240 degrees: F(1,40)=8.97, p=.005. In these cases, the WS group were less accurate than the TD group in mental, but not manual rotation ability. Nonsignificant interactions were evident at 0 degrees: F(1,40)=0.29, p=.59, 60 degrees: respectively). Note that the highest effect sizes were for the main effects of obliqueness and segmentation, which reflects a strong association between the variance in RT and these two independent variables.
There was a significant segmentation by obliqueness interaction, F(1, 40)=12.89, p=.001(partial  2 =.24). Analysis of simple main effects revealed that this was due to a highly significant effect of segmentation on nonoblique trials, F(1,40)=36.11, p<.001 (partial  2 =.47), in comparison to a smaller, though still significant effect of segmentation on oblique trials, F(1,40)=6.73, p=.01(partial  2 =.14). In addition, the effect of obliqueness on segmented trials was higher, F(1,40)=58.03, p<.001 (partial  2 =.59), than the effect of obliqueness on nonsegmented trials, F(1,40)=14.60, p<.001 (partial by asking participants to carry out the task while engaging in articulatory suppression (Baddeley, Thompson & Buchanan, 1975) , thus making it impossible to employ verbal coding.
The group differences in the effect of obliqueness seen in this experiment could also occur at an earlier stage of processing. It is possible that at the perceptual level, before mental or manual manipulation comes into play, individuals with WS find it harder to discriminate between the nonoblique lines than the TD group, creating less of a contrast between the perception of nonoblique and the perception of oblique lines. This possibility could be investigated by employing a task similar to the Squares task, but without the constructional element. Participants could be asked to discriminate among the four different orientations of the Square, oblique and nonoblique, in a perceptual matching type task, thus enabling the effect of obliqueness to be measured at a purely perceptual level.
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Despite the possible factors outlined above, poor mental imagery ability offers a very plausible explanation for impaired performance of individuals with WS on block construction tasks. Poor mental imagery ability seems to affect response latencies, and so can explain why individuals with WS are slow at block construction tasks. Analysis of group accuracy, however, does not reveal the same group by obliqueness interaction, therefore the effect of obliqueness cannot necessarily account for the overall poor level of ability in block construction tasks. The low scores of individuals with WS achieved on block construction tasks may also relate to other factors that remain to be investigated. For example, it is possible that a processing bias might still exist, but at the level of construction, which is an ability that block construction tasks rely heavily on. Bellugi et al. (1988) observed that individuals with WS have problems maintaining the global configuration of the Block Design task. This was attributed to a perceptual problem, however it could equally be due to a local bias in construction (see Farran & Jarrold, submitted). Perceptual tasks that measure local and global processing abilities, require an individual to recognise the parts of the image and also to recognise the pattern or picture as a whole image, whereas in construction, there is an additional requirement to comprehend the spatial relationship between the parts. This "configural" information is essential if reconstruction of the image is to be completed successfully. This difference between perception and construction can also explain why there appears to be a discrepant pattern of results reported in a number of previous studies.
Evidence for a local processing bias from drawing studies (Bertrand et al. 1987 ) and copying versions of the Navon task (Rossen et al. 1996) is not based on analysis of perception, but refers to the end products of each of these tasks, i.e., the drawings produced. Authors infer from the local bias observed at this stage, that individuals with WS also perceive the image in a local manner. However, it is equally possible that their perception of the image, the "input", is normal, Block Design Performance 27 but that they are unable to reproduce the image, i.e., they have problems at the "output" Further investigation of mental imagery in WS would also be fruitful. Mental rotation is one form of mental imagery, but one cannot assume that poor mental rotation ability equates to poor mental imagery in general, particularly since mental rotation requires dynamic imagery, i.e.
moving the created image. Generation and maintenance of static images could also be investigated. Additionally, different forms of transforming mental images such as mental subtraction and mental scanning would increase our understanding of the mental imagery abilities of individuals with WS.
In order to interpret the meaning of the level of ability on a task, one must establish how the individual is approaching the task. This study was prompted by the contrasting results across studies that have investigated block construction tasks using different methodologies. Systematic 
